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Abstract 
The present investigation has focused on methods to improve the critical current density (Jc) of the disk-shape 
bulk MgB2 superconductor by optimizing sintering conditions. The samples have been synthesized using a two-step 
process. The samples are sintered at 775oC for 3h in pure argon atmosphere, followed by re-sintering at 660oC for 
24 to 100 hours. X-ray diffraction showed that all the samples re-sintered are single phase and homogenous. The 
magnetization measurements confirm a sharp superconducting transition with Tc (onset) at around 37 K. The critical 
current density (Jc) for MgB2 samples increases with increasing the re-sintering time at 660 oC, in that the highest Jc 
value of 170 kA/cm2 at 20 K was obtained in the sample re-sintered at 660 oC for 100h. 
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1. Introduction 
   For practical applications, it is required to prepare bulk MgB2 materials with high purity, and large critical current 
densities. Recent reports suggested the application of MgB2 bulk as permanent magnets at 20 K [1, 2]. Furthermore, 
the bulk MgB2 superconductors have some advantages over Y-123, like the smaller anisotropy, high critical current 
density (Jc) not hindered by grain boundaries [3, 4], and the relatively low cost of raw materials. These features 
make this material very promising for a number of industrial applications [5]. MgB2 also requires only a short 
processing time and does not need oxygenation. The MgB2 disks can be used in a similar manner as melt-textured 
Y-123 bulks [6]. Bulk MgB2 superconducting magnets have been proposed for use in research and development, 
energy production, storage, and health care [5, 7]. 
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   In the case of polycrystalline MgB2 in any form, of bulks, wires, and tapes, the critical current density values are 
approximately two orders of magnitude less than those in thin films. Therefore, the optimization of processing 
conditions is important.   In our recent work, we found that optimum sintering temperature is crucial to obtain a high 
performance bulk MgB2 material. Both the X-ray diffraction (XRD) and scanning electron microscopy (SEM) 
analyses indicated that MgB4 particles formed in high sintering temperatures > 900 oC.   As regards grain size and 
phase purity, processing at around 775 oC was found to be most appropriate for the fabrication of good-quality large 
MgB2 bulk samples. The highest trapped field values were recorded also in the samples sintered at 775 oC [8].  In 
the sample sintered at 700 oC, no amorphous boron powder was detected but a small content of pure Mg was clearly 
seen. It means that temperatures lower than 700 oC do not affect the main phase MgB2.  To fully explore the benefits 
of the bulk MgB2 material, a further optimization of the synthesis temperature and adoption of new unique sintering 
stages are crucial for improvement of the performance. 
   In this paper, we present the improvement of the critical current characteristics of bulk MgB2 materials through a 
combination of optimum sintering at 775 oC for 3h and re-sintering at 660 oC for 24 to 100 hours.   All the samples 
are characterized by means of XRD and magnetic measurements. We found that re-sintering is very effective in 
improving the bulk MgB2 performance, in that the critical current density was dramatically improved by an increase 
of the sintering temperature. 
 
2. Experiment details 
The Mg and B powders used in the present study were purchased from Furuchi Chemical Corporation, Japan. 
Polycrystalline MgB2 samples were made using the in-situ solid state reaction.   High-purity commercial powders of 
Mg (99.9% purity, 200 meshes) and amorphous B powder (99% purity, 300 meshes) were mixed in a nominal 
composition of MgB2. The starting powders were thoroughly ground in a glove box under argon atmosphere. The 
powder mixture was pressed into pellets of 20 mm in diameter using a hydraulic press. Eventually, a Ti sheet was 
wrapped around the tightly pressed pellets that were then sintered in argon atmosphere in a tubular furnace. The 
samples were prepared in a single step heat process with the following heat treatment profile: The sintering 
temperature was chosen to be 775 oC as in the previous experiments [8]. The temperature was raised in 5 h from the 
ambient temperature. During the sintering in flowing argon gas the temperature was kept constant for 3 hours. Then, 
the temperature was reduced to room temperature with the cooling rate of 100 oC/h. After sintering, the Ti sheets 
were removed from the MgB2 bulks. Then, the samples were re-sintered in a single step at 660 oC for 24, 45, 72 and 
100 hours, respectively. The samples are of good quality with no cracks (see Fig.1). 
 
20 mm  
Fig.1. Photograph of the as grown bulk MgB2 samples produced sintering process at 775 oC for 3h in pure argon atmosphere and re-sintered in a 
single step at 660 oC for 24 hours (left figure) and 100 hours (right figure) respectively. Note the samples are good quality and no cracks were 
observed. 
 
The constituent phases of the samples were determined by means of a high-resolution automated X-ray powder 
diffractometer RINT2200, using Cu KĮ radiation generated at 40 kV and 40 mA. The microstructure of these 
samples was studied by means of a scanning electron microscopy (SEM). Tc was defined as the onset temperature at 
which diamagnetic properties were first observed. Magnetization hysteresis loops (MHL) were measured at 20 K 
using a SQUID magnetometer with the maximum field of 5 T. The magnetic Jc values were estimated based on the 
extended Bean’s critical state model using the relation  
Jc=2'm/[a2d(b-a/3)]
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where d is the sample thickness, a, b are cross sectional dimensions, b t a, and 'm is the difference of magnetic 
moments during increasing and decreasing field in the M-H loop [9]. 
3. Results and discussion 
   The re-sintering temperature was correlated with the phase structure of the MgB2 product determined at room 
temperature by means of powder x-ray diffraction patterns. Fig. 2 shows the XRD patterns of the bulk MgB2 
material sintered at 775 for 3 hours and re-sintered at 660 oC for 24 hours, 45 hours, 72 hours and 100 hours, 
respectively. In all samples the main phase was pure MgB2, similar to our earlier results in the samples sintered in a 
single step at 775 oC for 3 hours [8]. A very small amount of MgO was observed in samples pressed outside the 
glove box (see Fig. 1). No boron-rich phases, such as MgB4 or MgB7, were observed, which indicated that the re-
sintering at 660 oC for even 100 hours did not affect the main MgB2 phase.  
Figure 3 shows typical scanning electron microscope (SEM) images of polished cross-sections of the MgB2 
material re-annealed at 660 oC in Ar atmosphere for 24, 45, and 72 hours. Microstructure of all samples was 
homogeneous and all samples showed well connected grains. It is clear that the MgB2 matrix contains numerous 
voids in various shapes and sizes (see Fig. 3). The presence of such porosities will reduce the superconducting 
current carrying area, and therefore the overall Jc in the MgB2 material [10].  
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Fig. 2. X-ray diffraction spectra of bulk MgB2 samples produced sintering process at 775 oC for 3h in Ar atmosphere:  (top, left) re-sintering at 
660 oC for 24 hours; (bottom, left) re-sintering at 660 oC for 45 hours,  (top, right) re-sintering at 660 oC for 72 hours, and (bottom, right) re-
sintering at 660 oC for 100 hours, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Scanning electron microscope (SEM) images of polished cross-sections for sintered (775 oC for 3h) bulk MgB2 samples synthesized in Ar 
atmosphere:  (left) re-sintering at 660 oC for 24 hours; (middle) re-sintering at 660 oC for 45 hours,  (right) re-sintering at 660 oC for 72 hours. 
24 h 45 h 72 h
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Figure 4 shows the temperature dependence of magnetic susceptibility of four MgB2 samples re-sintered in the 
zero-field-cooled mode at 660 oC for 24, 45, 75, and 100 hours.  All the samples showed Tc onset in the range of 37 
K. No appreciable change in onset Tc was observed with the change in re-sintering. The almost identical Tc values 
indicated that the samples had identical stoichiometry.  
The field dependence of Jc for MgB2 samples re-sintered at 660 oC for 45, 72, and 100 hours is shown in Fig. 4. 
The Jc(P0Ha) curves were deduced from magnetization hysteresis loops were measured at 20 K using a SQUID 
magnetometer (inset of Fig. 4, right). All samples showed the irreversibility field around 3 T. The critical current 
density increased from 112 to 170 kA/cm2 with increasing the re-sintering time at 660 oC from 45 to 100 hours. The 
Jc values of 170 kA/cm2 and 84 kA/cm2 at 0 and 0.5 Tesla, respectively, were achieved at 20 K for the sample re-
sintered for 100 hours. To our knowledge, these super-current density values are higher than those reported for good 
quality MgB2 bulks world wide. The present results bring evidence that combination of the optimum sintering 
temperature and re-sintering improves performance of the bulk MgB2 material.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG. 4. Temperature dependence of DC magnetic susceptibility of the bulk MgB2 material sintered at 775 oC for 3h in Ar atmosphere and re-
sintered at  660 oC from 24 hours to 100 hours (left figure). Field dependence of the super-current density at 20 K for bulk MgB2 material sintered 
at 775 oC for 3h in Ar atmosphere and  re-sintered at 660 oC for 45, 72 and  100 hours. Note that Jc values of 170 kA/cm2 and 40 kA/cm2 at 0 and 
1 Tesla, respectively, were achieved  sample re-sintered for 100 hours (right figure).
 
4. Conclusion 
In summary, high performance bulk MgB2 superconductors were prepared by a simple solid state reaction with 
optimal sintering condition and re-sintering process at lower temperatures. XRD showed that all the samples were 
single phase MgB2. Magnetization experiments showed that all samples exhibited a sharp superconducting transition 
with Tc around 37 K.  The Jc value of 170 kA/cm2 was achieved in self-field at 20 K for the sample re-sintered at 
660 oC for 100 hours. A proper re-sintering temperature was found to be the key parameter to achieve high 
performance MgB2 material.  
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